Background There is limited knowledge regarding the relationship between the reason for revising a TKA and the clinical outcome in terms of satisfaction, pain, and function with time.
Introduction
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The main reasons for revision are septic loosening, aseptic loosening, polyethylene wear, pain, instability, stiffness, component malposition, and patella maltracking [12, 15, 16, 20] . The literature suggests a more favorable outcome for patients with instability, polyethylene wear, and aseptic loosening compared with patients with septic loosening and less favorable results for patients with stiffness [6, 10, 17] .
However, studies regarding outcomes after revision TKA report on heterogeneous reasons for revision in patients treated with different types of implants and/or with a partial or total revision [5, 7, 8, 18] . Therefore, it is difficult to draw clear conclusions regarding outcomes after revision TKA, the recovery patterns, and the effect of complications for the different reasons for revision. The differences in outcomes are important for good patient counseling.
For these reasons, we retrospectively reviewed a prospective cohort of patients receiving a fully revised TKA using a single implant system in two high-volume centers. We sought to determine whether (1) after 2 years, the outcome in terms of VAS satisfaction, VAS pain, and The Knee Society Scoring System Ó (KSS) clinical and functional scores would differ according to reason for revision, (2) outcomes would improve gradually during those 2 years, (3) rates of complications differ depending on the reason for revision, and (4) patients with complications after revision TKA have lower outcome scores.
Patients and Methods
We reviewed a prospective cohort of 150 patients receiving a fully revised TKA using a single implant system in two high-volume centers at 24 months of followup (Table 1) . Of 150 patients, 130 were treated at the Sint Maartenskliniek Nijmegen (The Netherlands) and the remaining 20 at the University Hospital of Leuven (Belgium). All patients were treated with the Genesis II 1 or Legion 1 revision system (Smith & Nephew, Inc, Memphis, TN, USA). The implant choice was solely time-based. Initially, all patients were treated with the Genesis II 1 system until August 2006, which then was replaced by the Legion 1 revision system. Both systems have similar femoral components, but the Legion 1 system allows the use of offset stems on the femoral and tibial sides. Patients were included from June 2004 to June 2008 at the Sint Maartenskliniek Nijmegen. The University Hospital of Leuven collaborated in this study from January 2007 until June 2008. Patients were not included if they underwent a partial revision, revision of a hemiarthroplasty, or received a hinged arthroplasty. Experienced orthopaedic knee surgeons performed all surgeries. During all surgeries, five or six perioperative microbiologic cultures were taken. All patients received standard postoperative rehabilitation. We report the results of 146 (99%) patients who have complete 24-month followup. In total, four patients dropped out, of whom two refused to return for the 12-and 24-month evaluations and one patient was unable to return for the 24-month evaluation owing to impaired health status not related to the revised knee. In one patient, an arthrodesis was necessary after 1 year because of persistent infection, to adequately treat the infection. The collected clinical data (KSS and VAS scores) of the patients who dropped out, available up to 12 months postoperatively, was not significantly different from the data for the patients in the same revision group. The hospitals' investigational review boards approved the study. The Arnhem-Nijmegen Medical Ethical Review Board granted a waiver for this study.
To evaluate the differences in outcome 24 months after surgery, the patients were assigned to groups according to reason for revision classified in the following five categories: septic loosening, aseptic loosening, component malposition, instability, and stiffness ( Table 2 ). The mechanism for failure was based on preoperative evaluation and perioperative findings ( Table 3 ). In 37 patients, more than one reason of failure could be identified. In 26 of 38 patients in the malposition group ligament laxity also was reported. In the stiff knee group, malposition (n = 8) and aseptic loosening (n = 3) were diagnosed. Stiffness was taken as the primary diagnosis in patients with limited ROM (\ 70°) regardless of the underlying mechanical reason, except for patients who had revision surgery for septic loosening (Table 3 ). In patients with more than one reason for failure, the main failure mechanism was used for further analysis. If there was any doubt about the main reason for revision, our group of orthopaedic knee surgeons discussed the patient to resolve conflicting assessments. We found differences in preoperative KSS function among the different revision categories (p = 0.005) ( Table 4 ). Post hoc comparison showed patients with septic loosening had a lower preoperative KSS function score (24 ± 26) compared with the patients with component malposition (47 ± 22). There were no other baseline differences among the groups; however, there was a difference in surgery time among the groups (p = 0.009). All patients were evaluated preoperatively, perioperatively, and postoperatively at 3, 12, and 24 months. Questionnaires were completed by a physician or a nurse practitioner and the patient; a 100-mm VAS for pain (0 = excellent) and patient satisfaction (100 = excellent) and the KSS using the clinical and functional scores were included. In addition, ROM, an item on the KSS clinical score, was analyzed separately.
Complications were defined as any type of adverse events related to functioning of the revision implant, including conservative treatments and operative treatments. Baseline status of the different revision categories was compared using one-way ANOVA and chi-square test or the appropriate nonparametric alternatives. Differences in the outcome measures between the revision groups and improvement with time were examined using repeatedmeasures analysis. In this analysis, missing data points were replaced with the mean value of the total group for that variable to create a noninformative data point without having to eliminate patients with missing data. Additionally, the missing data points were replaced, using a worstcase scenario, by the preoperative score assuming no Values are expressed as mean ± SD; * minimum clinically important difference is 11 points for KSS clinical score and 15 points for KSS function score; improvement less than minimum clinically important difference; KSS = The Knee Society Scoring System Ó ; # significantly different between the reason groups. 
Results
The VAS score for satisfaction, VAS pain score, and KSS clinical score were dependent on the reason for revision, respectively p = 0.006, p = 0.002, and p \ 0.001 ( Figs. 1-3 ).
Patients who had revision surgery for aseptic loosening had lower VAS pain values (p \ 0.05) compared with patients in the other indication groups (Fig. 2) . Patients in the stiffness group reported significantly lower VAS scores for satisfaction (p \ 0.05) ( Fig. 1 ) and lower KSS clinical scores (p \ 0.05) compared with patients in the other groups (Fig. 3 ). Furthermore, patients with aseptic loosening showed a trend for higher KSS clinical scores than the instability and malposition groups (p = 0.082) regardless of time (Fig. 3) .
The KSS functional score ( Fig. 4) and ROM (Fig. 5 ) were not significantly dependent on the reason for revision.
A significant improvement for VAS pain score ( Fig. 2 ) and KSS clinical score ( Fig. 3 ) for the total group was seen with time (p \ 0.001). The greatest improvement occurred during the first 3 months after surgery for the VAS pain and KSS clinical scores, with p \ 0.001 and p \ 0.001 when comparing the 3-month and preoperative values.
The KSS functional score ( Fig. 4) and ROM (Fig. 5 ) showed an interaction of time and reason for revision (F 12,435 = 2.23, p = 0.010; F 12,435 = 3.161, p = 0.001, respectively), meaning the improvement with time was different for the different revision groups. In all but the stiffness group, the largest improvement in KSS functional score was seen 3 months after surgery.
The complication rates for each category, listed from highest to lowest overall rate, are instability (nine of 23, 39%), stiffness (nine of 15, 33%), septic loosening (10 of 34, 29%), malposition (11 of 38, 29%), and aseptic loosening (four of 40, 10%) ( Table 5 ), which were not significantly different (p = 0.085). There were 22 complications requiring operative treatment, whereas 19 complications were treated conservatively. When comparing the number of additional operative treatments, there was a significant difference (p = 0.009) between the groups. Fig. 1 A graph shows the VAS satisfaction scores for the separate reasons for revision with time. The VAS score for satisfaction was dependent of the reason for revision (p = 0.006). Fig. 2 The VAS pain scores for the separate reasons for revision with time are shown. The VAS score for pain was dependent of the reason for revision (p = 0.002) and time (p \ 0.001). * = significant improvement. Overall, we found lower KSS clinical, ROM, and VAS satisfaction scores (p = 0.005, p = 0.013, and p = 0.024, respectively) for patients who reported a complication. When evaluating the different revision groups, patients treated for malposition who had a complication scored lower for all KSS outcome measures, whereas the VAS satisfaction score almost reached significance (p = 0.057). The septic loosening group with reported complications scored lower on the KSS clinical score (p = 0.046) and VAS satisfaction (p = 0.038). In the aseptic loosening, instability, and stiffness groups, no differences between patients with and without complications were found.
Discussion
There is limited knowledge regarding the relation between the reason for revising a TKA and the clinical outcome in terms of satisfaction, pain, and function with time. In a cohort of patients receiving a fully revised TKA, we sought to determine whether (1) outcomes would differ according to reason for revision at 2 years, (2) outcomes would improve gradually during those 2 years, and (3) rates of complications differ depending on the reason for revising the TKA, and (4) patients with complications after revision TKA have lower clinical scores.
Some limitations in this study have to be considered, including the small sample size in some revision groups, the potential influence of missing data, and the decision to define a main diagnosis. First, stratification into five main reasons for revision made sample sizes in each group small, causing a large SD in all presented clinical outcomes. Therefore, the results cannot be extrapolated to the individual patient. Second, the presence of missing data could cause a more favorable outcome for one group compared with the others. Therefore, we performed a worst-case scenario analysis, but this analysis showed the same significant effects and thus the missing data did not influence our results. Finally, the decision to stratify five main reasons for revision is debatable because patients with a nonfunctional TKA often have a combination of problems. The main reason was why the TKA failed (in our opinion) or why the patient sought medical attention. The stiffness and septic loosening groups were considered separate groups with their own specific characteristics (Table 3) .
Considering the relation between the reason for revision and outcome, we believe that patients having revision surgery for aseptic loosening showed the best overall outcomes and those who had revision surgery for stiffness had the worst outcomes. Our findings are in concordance with results reported by Saleh et al. [18] in their meta-analysis and as reported by others [6, 10, 13, 16] (Table 6 ). Furthermore, when considering the minimum clinically important difference (MCID) for the KSS, we found good clinical results for all patient groups (Table 4 ). Singh et al. [19] stated that a difference of 61% of one SD in the KSS for patients with a primary TKA is a moderately large and almost certainly a clinically meaningful effect size. A possible reason for the good results in the aseptic loosening group could be that complaints in this group are caused solely by loosening of the component(s) from the bone interface without other soft tissue disorders, and this is directly addressed by the revision procedure. For the other indications where theoretically the soft tissue envelope is more involved, we found smaller improvement and less pain reduction. In case of instability, for example, the soft tissue envelop was involved, as a revision was performed only if the flexion and extension gaps were unequal as measured with stress radiographs in flexion and extension. The stiffness group had the most obvious soft tissue disorders and we found the least favorable outcomes on average. Other investigators also found significantly worse outcomes in terms of function scores and patient satisfaction for the stiffness group [1, 6, 10, 17] . Because of these Fig. 4 The KSS functional scores for the separate reasons for revision with time are shown. A significant interaction of time and reason for revision was found (p = 0.010).
Fig. 5
A graph shows ROM for the separate reasons for revision with time. A significant interaction of time and reason for revision was found (p = 0.001). poor findings, we are now cautious when doing revision surgery on patients with a stiff knee even if a clear reason has been established. In contrast to our belief that gradual improvement would be seen during the 24-month period, we found the largest improvement occurred during the first 3 months after surgery for all groups. The aseptic loosening, septic loosening, malposition, and instability groups showed stabilization in improvement in the following 12 to 24 months. The stiffness group showed maximal results at 3 months, staying steady until 12 months, followed by a slight decline. Generally, the 3-month postoperative scores are suggestive of the final outcome at 24 months, except for patients treated for stiffness. Similar patterns of improvement were reported by Ghomrawi et al. [5] . They found functional improvement during the first year after surgery, but during the second year there were signs of decline in function and increase of pain [5] .
We found a relationship between the reason for revision and complications after 2 years. Complications were most common in the instability group. Patients in the malposition group reported frequently persistent pain and often were referred to a pain clinic. The reason for this high rate of persistent pain probably is attributable to the remaining underlying soft tissue disorder, which was not addressed during the revision procedure for malposition. For the septic loosening group, complications were, as expected, related mainly to reinfections. Complications had a negative effect on function and satisfaction, even after treatment of these complications. Patients who experienced complications had lower scores for clinical function and satisfaction. The complication rates we found are of the same order of magnitude as the 12% reoperation rate reported previously [4, 6, 13, 18] . However, the effect of complications on outcome scores was not analyzed in these studies.
Satisfaction, pain reduction, and functional improvement are better and complication rates are lower after revision TKA for aseptic loosening than for other causes of failure. For the component malposition, instability, and septic loosening groups, there may be more pain and a higher complication rate. For the stiffness group, pain, function, and satisfaction are less favorable.
